Introduction
The term retinitis pigmentosa (RP) describes disorders which have in common characteristic fundal changes ( Figure 1 ). However, because of the variety of the associated features which may occur with the ocular defect, they should be viewed as a group of diseases rather than a single entity. The end result is a degeneration of rods and cones with secondary optic atrophy.
In 1858Von Graeffe! first noted the association of RP with deafness. A number of syndromes featuring RP and deafness have subsequently been described. Perhaps the best known of these is Usher's syndrome? which features congenital perceptive deafness with the later development of RP. The disease is usually inherited as an autosomal recessive. In a minority of cases the hearing loss is progressive-:". The other main syndromes including both RP and deafness are presented in Table 1 5 -12. Other cases have been described that do not fit exactly into these established syndromes. Additional associated features include enamel hypoplasia13 and mitochondrial cytopathyl 4 , 15 , The assessment of cases of retinal dystrophy has been considerably enhanced by the introduction of electro-oculography (EOG) and electroretinography (ERG). The EOG is a measure of the ratio of the electrical potentials between cornea and retina in the dark-and light-adapted states l 6 • The ERG measures the total response of the retinal photoreceptors and the bipolar layer to a flash oflight. This is recorded in the dark-and light-adapted states. In the early stages the amplitude of the dark-adapted response is reduced, but the light-adapted response remains normal. This is not surprising, as night blindness is usually the first symptom of RP. As the disease progresses, the response to light decreases until finally there is none, Extinction of the ERG does not imply complete loss of visual acuity, but it is generally associated with considerable reduction of the visual fields. In syndromes featuring both RP and deafness, hearing Ioss may be the first complaint. Using the hearing loss to be informed that their vision is at risk and that they be referred accordingly. The investigation of children and young adults with unexplained sensorineural deafness should therefore include examination of the fundi. This paper presents the results of an audiometric investigation of patients with RP, including tests to demonstrate recruitment and abnormal adaptation of the auditory system.
Methods
Patients entering the study had undergone a full ophthalmological assessment, including a detailed family history and ERG examination. A full otological history was taken, with special reference to other possible causes for any hearing loss found. The ears were examined and tuning fork tests performed. All patients then had a pure-tone audiogram, a number of different clinical audiometers being used during the course of the study. In patients with a significant hearing loss, special audiometric tests were performed. The stapedius reflex thresholds (SRTs) were determined using a Peters AP60 impedance meter. In the early cases tone decay and loudness discomfort level testing (LDL)were employed, but more recently these have been replaced by acoustic reflex decay as we feel that it is a more objective test. As all the patients seen 80 far have had symmetrical hearing losses, we have not used alternate loudness balance testing. We considered recruitment to be occurring when the gap between the pure tone threshold and the SRT or LDL was less than 60dB.
Results
Seventeen patients with proven RP have been studied. Nine of these had a significant hearing loss. Seven were male and 2 female, their ages ranging from 11 to 63 years (mean 32 years). Six of these 9 are examples of Usher's syndrome. All had a symmetrical sensorineural hearing loss with a more marked high tone component. A representative audiogram is shown in Figure 2 . All but one underwent special audiometric testing and all of those tested had audiometric evidence of a cochlear lesion. Only one of these patients had a past history which might have contributed to his hearing loss. He has been exposed to loud noises at his place of work, but his deafness dates from childhood. Another patient had previously had his hearing tested 8 years earlier and comparison of the results of that test with the one carried out during the present study indicated significant progression of his hearing loss. The other 3 patients have additional disorders and are therefore not examples of Usher's syndrome. Their diagnoses and audiometric findings are presented in Table 2 . Two of the 3 had absent stapedius reflexes, while the third had a recruiting pattern of hearing loss.
Discussion
Usher's syndrome has been classified into 4 types by Davenport and Omenn 17. Type 1 patients have profound congenital deafness and develop RP by the age of 10;Type 2 patients have a moderate to severe loss and develop RP in their 20s; Type 3 patients have a progressive hearing loss; while those in Type 4 acquire the disease by X-linked inheritance. Five of the patients described here are therefore examples of Type 2, while the other patient with Usher's syndrome belongs to Type 3.
Our results, together with those of most other workers who have performed special audiometric testing on patients with Usher's syndrome 1s -2o , suggest that they have a cochlear lesion. Temporal bone histology has been studied in a total of 5 cases 2 1 -2 4 • All had similar changes. There was degeneration of hair cells, predominantly in the basal turn of the cochlea, associated with scattered atrophy of the stria vascularis and spiral ganglion cells. However, recently Kumar et al. H have reported vestibular findings suggestive of a retrolabyrinthine lesion and evidence of morphological and circulatory abnormalities within the cranial cavity on CT scanning in patients with Usher's syndrome. These findings require further investigation.
Franceschetti and Klein 2 6 suggested that the association between RP and deafness is due to the common origin of the retinal pigmentary epithelium and the organ of Corti. Sensory cells in the organ of Corti have clusters of cilia projecting from their surfaces. There is evidence that retinal photoreceptors are modified cilia27. This suggests that these patients may have a generalized disorder of cilia and their derivatives. Arden and Fox 2 8 have studied nasal cilia from patients with RP and found that they too have an abnormal structure. It would be of interest to study other areas of the body where ciliated epithelia are found.
One of our cases had the combination of nephronophthisis and RP originally described by Senior et al. 2 9 and Loken et al. 30. In addition, however, she had a mitochondrial cytopathy of muscle characterized histologically by''red ragged' fibres. Deafness was not described by Senior or Loken, but Egger et al. 1 5 have described 2 cases of RP, deafness, mitochondrial cytopathy of muscle and nephronophthisis. These reports serve to further emphasize the heterogeneity of these disorders.
Two of the patients with non-Usher's RP/deafness syndromes had audiometric findings which suggest a retrocochlear lesion or possibly congenital absence of the stapedius reflex, for example due to abnormality or absence of the stapedius muscle.
The temporal bone findings in a case of Cockayne's syndrome have recently been reported!' and they were similar to those described in Usher's syndrome. As far as the authors are aware, no other temporal bone studies on patients with RP/deafness syndromes other than Usher's syndrome have been carried out. Such studies would be of interest and might reveal important differences between the various syndromes. Further study of patients in these different groups from the otological point of view may help to classify the subgroups of the RP syndrome in a more meaningful way. Correlation of audiometric and histological data in these patients may also provide valuable insights into the pathogenesis of sensorineural deafness. 
